ABSTRACT Distributed wireless mobile ad hoc network has superiority of flexible networking, powerful extensibility, and low cost of operation and maintenance. Compared with the centralized ones, the distributed network can effectively solve a series of problems, such as the increase in operation and maintenance costs, the complex setting of center nodes, performance deterioration in large-scale scenarios, and hard to optimize routing. It has broad application prospects in ultra-dense networks of fifth-generation, distributed device-todevice communication, and industrial wireless sensor networks. Due to the absence of a control center, interference coordination in distributed network can only rely on the maintenance of neighbors. This paper first establishes the model of link interference and successful transmission probability under different hops of neighbor maintenance. We discover that the existing protocols with two-hop neighbor maintenance have serious inter-area interference which can jeopardize the performance, and maintaining three-hop neighbors have a 6-dB gain of receivers' signal interference ratio. Hereby, this paper proposes and verifies a scheduling and channel reuse protocol under three-hop neighbor maintenance, laying a solid foundation for the practical application of distributed network.
I. INTRODUCTION
With the characteristics of low-cost flexible networking and powerful extensibility, Distributed Wireless Mobile Ad hoc Network (DWMAN) have received a lot of research attention, and have been widely adopted in military, civil and emergency communications. To provide reliable communications, DWMAN should adopt Medium Access Control (MAC) protocols to reduce the impact of interference and collision. This is how it works: MAC schemes construct repulsion areas of nodes to allow one node to transmit in one time within an area, and other adjacent nodes should keep silent during the transmission. If two nodes within the same repulsion area transmit packets simultaneously, the packets will collide and both of the senders suffers from intra-area interference. While the nodes outside this area may reuse the resource and transmit at the same time, leading to inter-area interference. Designing practical resource reuse and interference management mechanisms has become a hot topic on research of DWMAN.
There are mainly two types of distributed MAC protocols in DWMAN: Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) protocols, and Time Division Multiple Access (TDMA) protocols. CSMA/CA schemes prevent cumulative interference from other sending nodes by setting a safe carrier sensing distance and forming a repulsion area [1] , [2] . The well-known CSMA/CA-based Distributed Coordination Function (DCF) introduces Request-to-Send/Clearto-Send (RTS/CTS) handshake mechanism to force adjacent nodes to be silent and enlarges the repulsion area. However CSMA/CA protocols suffer from collisions in high node density scenarios and can jeopardize the network performance, which means they cannot fully prevent intra-area interference caused by adjacent nodes. TDMA-based protocols, on the contrary, use slotted framework and reservation scheduling mechanisms to guarantee lower collision probability and higher resource utilization rate than CSMA/CA [3] . In a distributed TDMA ad-hoc network, nodes maintain scheduling information of two-hop neighbors to conduct distributed election and handshake mechanism to reduce interference.
In recent years, stochastic geometric theory, especially the point process theory, has been widely used in the the interference intensity modeling of DWMAN. It can model the randomness of node spatial position distribution and get simple analytical solutions. Reference [4] showed that the spatial distribution randomness of ALOHA transmitters can be captured by the Poisson Point Process (PPP). While in many networks, especially with repulsion function and interference controlling schemes, the PPP is not a suitable model since it only consider that the distribution of nodes are always independent [5] . Hard Core Point Process (HCPP), which consider that nodes will be cleaned under a given relevant function, have drawn attention as a practical model for wireless networks. The HCPP of type I and type II introduced by Mat'ern in [6] has been used to model the positions of the simultaneous transmitting nodes [7] , [8] .
We can accordingly summarize that MAC protocols can often form a repulsion area and prevent intra-area interference, while inter-area interference is beyond the management. As the node density grows, there will be more transmission links outside the repulsion area and the cumulative inter-area interference can inevitably affect the communication quality [9] , [10] and resource efficiency is therefore restricted. Zhu and Lu [11] studied the performance of TDMA coordinated distributed scheduling in free space loss model and two-path model and showed that the transmission failure probability is up to 20% when maintaining twohop neighbors. This indicates that inter-area interference is still at a severe level with a two-hop neighbor maintenance. Therefore, it is important to accurately quantify the intensity of inter-area interference and design appropriate neighbor maintenance schemes for suppressing the impact of interarea interference and improving the resource efficiency.
Motivated by this, The novel contribution of this paper is as follow.
• We first give the analytical model of the intensity of inter-area interference in DWMAN using HCPP, which describes the relationships between interference and parameters including node density, transmission distance, hop number of neighbor maintenance and path loss.
• To analyze the impact of inter-area interference on the network performance, we model the successful transmission probability of election and three-way handshake mechanism under Rayleigh fading. Both theoretical and numerical results are given and we discover that threehop neighbor maintenance has better performance than two-hop ones.
• We accordingly propose a three-hop neighbor maintenance scheduling mechanism, which lays the foundation for improving the resource efficiency of DWMAN. The structure of this paper is organized as follows. Section II reviews the related work. The TDMA-Based distributed reservation scheduling mechanism is reviewed in Section III. Section IV describes the model of interference intensity and network performance. Section V is devoted to the design and analysis of three-hop reuse mechanism and shows the simulation results while section VI concludes the paper. For the sake of simplicity, the term intra-area interference is referred to as interference in the rest part of this paper.
II. RELATED WORK
There're a lot of related researches on CSMA/CA with its extensive application. Reference [12] proposes channel selection to avoid the interference problem, but it may cause other problems such as excessive time delay in real large-scale networks. To overcome the impact of cumulative interference, one of the methods is setting the safe carrier sense distance of CSMA/CA [13] , while causing problems of multiplexing and network throughput degradation. The literature [14] and [15] proposes that each sending node selects the appropriate power and carrier sensing threshold and rate for transmission according to the interference situation around the receiving node and the network topology, which significantly improves the overall throughput and channel reuse of the network. Due to the competitive nature, the collision problem caused by the load increase is always difficult to be solved by CSMA/CA. In TDMA-based DWMAN, the reasonable timesharing resource scheduling strategy can effectively reduce collisions and delay, improve channel utilization and provide QoS guarantee for users [16] , [17] . Some scholars also reduce interference based on TDMA. Reference [18] proposed a novel interference-based TDMA scheduling algorithm which significantly reduces end-to-end latency compared to other scheduling mechanisms. In [19] , a method for eliminating the interference in decentralized slot synchronization is presented. Reference [20] proposed a link scheduling algorithm with interference prediction (LSIP). The simulation results show that LSIP significantly improves the packet transmission rate and throughput under acceptable delay conditions. Stochastic Geometry is commonly considered as a powerful tool for performance analysis of wireless networks. One very popular model that have been extensively studied is the Mat'ern HCPP. Different from the traditional PPP [21] in which nodes are independently distributed, HCPP use the concept of repulsion and can precisely describe the effect of interference suppression by scheduling in actual networks [8] . Recently HCPP is widely used in analysis of LTE-A and cellular networks [22] - [24] , heterogeneous networks [25] , wireless vehicular [26] and mesh networks [27] and so on. Since our focus is the inter-area interference, which is generated by the neighbors distributed outside the repulsion area, we should investigate the distribution of nearest neighbors using HCPP [28] . Ge et al. [29] also analysis interference problem using HCPP in the network. This paper focuses on the analysis Energy Efficiency of Multiuser Multiantenna Random Cellular Networks, without considering the effect of hop on interference.
III. OVERVIEW OF TDMA-BASED DISTRIBUTED RESERVATION SCHEDULING MECHANISM
In TDMA-based distributed network, nodes exchange Distributed SCHeduling (DSCH) message to maintain all the neighbor scheduling information within two-hop range. With the scheduling information, nodes perform election for control slots, and three-way handshake to reserve data slots, thereby avoiding access conflicts and using the spectrum resource more efficiently. But this non-conflict design of coordinated distributed scheduling is based on the situation that interference beyond two-hop range of nodes is neglectable. In fact, as the node numbers increases, such interferences will lead to link outage and capacity decrease. To overcome the problem, we need to set up interference intensity model to analyze the applicable neighbor nodes' hop number quantitatively.
In distributed scheduling, nodes of k-hop distance to a node are called its k-hop neighbors, and all the k-hop neighbors of a node form a k-hop neighborhood domain. (As shown in Fig. 1 , one-hop neighbors of node 1 is node 2, 3, two-hop neighbors are nodes 4,5,6,7). In the distributed scheduling mechanism, all nodes broadcast DSCH to notify their own one-hop neighbors of their scheduling information. By exchanging DSCH, all nodes can coordinate data transmissions in their extended two-hop neighborhood. In Fig. 2 , under TDMA-based distributed reservation scheduling, each MAC frame is divided into control slots and data slots.
The scheduling of control slots and data slots is implemented via different mechanisms. For control slots, nodes adopt Mesh Election mechanism to guarantee that only one node sends data in a control slots within their own extended neighborhood domain. When a node successfully sends a DSCH, it will back off for a period of time. After the end of a back-off, a node immediately resume the competition for the next transmission slot. For data slots, a three-way handshake mechanism is adopted to achieve collision-free transmissions. The sender and receiver exchange DSCH carrying the slots reservation information. Firstly, the sender sends a DSCHRequest message carrying its own available data slots. After receiving the DSCH-Request message, the receiver replies a DSCH-Grant message to notify sender of available slots of the receiver. Finally, the sender broadcasts a DSCH-Confirm message after having selected some data slots and informs the receiver to reserve these data slots.
IV. PERFORMANCE MODELING AND ANALYSIS
DWMAN lacks the coordination from a specified control center, and networking and resource scheduling can only rely on local information maintenance to ensure quality requirements and reduce interference. Most of the existing protocols only maintain the scheduling information of neighbors in the two-hop range, but ignore the accumulation of interference beyond the maintenance scope of neighbors. With the increase of node density and expansion of scale, the cumulative interference intensity is also increasing, and the quality of transmission is difficult to guarantee. Therefore, this section analyzes the distributed scheduling mechanism, and establishes the interference model of DWMAN, and then determines the appropriate number of neighbor maintenance hops.
A. SYSTEM MODEL
Updating and maintaining two-hop neighbors' scheduling information can avoid interference within two-hop range, but communication may also fail because of the effects of cumulative interference from further nodes. According to this, we establish the interference intensity model. Consider one sender as the center, and no more senders exist in its neighborhood domain of the center sender. In the other words, there is a circular non-interference protected area of radius R. So in this case, the density of interference nodes will decrease, and the distribution of sending nodes in the network are no more independent, which cannot be completely represented by random poisson point process (PPP). Compared with PPP, HCPP is more suitable to describe the sending nodes' distribution. In this paper, we derive out the interference intensity through HCPP model, laying the foundation for mechanism design.
According to the findings of [30] and [31] , there are two types of HCPP. The HCPP type-I model is suitable for the situation with lower density of networks nodes. However it will underestimate the numbers of senders severely if the node density has a high level. The HCPP type-II model can achieve the almost level of interference intensity with PPP. So the following researches are all based on the type-II model. And the algorithm steps are as follows 1) First we generate a Poisson Point Process with a density of ρ.
2) Attach a random tag z x ∈ U [0, 1] to each point x ∈ in . 3) If the tag of point is the smallest in circle C (x, R), we discard all the other points except the smallest one.
where U [0, 1] indicates a uniform distribution with the range of 0 to 1. R is the smallest distance between two sending nodes. The ways of choosing the points and decreasing the density of sending nodes by HCPP can be concluded as
where x indicates the point retained in the circle C(x, R), Hence we can get all the retained points in this way. The distribution model formed by all the remained points is the HCPP type-II process. For example in Fig. 3 , within the distance R of the node labelled with the value of 0.1, which is the minimum. So it is reserved in the HCPP, meanwhile the node labelled 0.2 is cleared. Similarly, HCPP preserves nodes labelled 0.3, and clears nodes with 0.4. Set up a wireless networks, where the node density obeys a PPP with mean ρ. Practically, communication nodes use MAC layer interference avoidance mechanism to clear some nodes within a certain range, and the remained sending nodes are interference nodes, which obey the HCPP.
The density of remained points is depicted as [30] ρ HCPP = ρe
As shown in the Fig. 4 , there are two communication pairs, where s 1 and s 2 are sending nodes, r 1 and r 2 are receiving nodes, m is the distance between the two sending nodes, and n is the distance from the sending node to the receiving node. The direction of the sending node s 2 with respect to the sending node s 1 is β.
Denote k(m) is the probability that two point in the process with pairwise distance m are retained. In order to show the relationship between two nodes, [24] mentions the spatial correlation function between every two nodes is
The interference intensity at the receiving node is deprived from
where l(m) is the path loss model. Suppose the path loss is our only consideration, then l (m) = m −α , where α is the path loss exponent. 
B. MODELING OF INTERFERENCE IN ELECTION MECHANISM
In the election mechanism, nodes periodically maintain the scheduling information of its h-hop neighbors. The nodes that want to access the channel compete with other nodes in the h-hop range. Only one sending node is selected in each slot, which occupies the channel to send information in the winning time slot. And there will be a circle cleaning area around the sender with a dilute radius of R = hd, where d is the effective transmission radius of DSCH. The distribution of interference nodes totally fit to HCPP. So the density of interference nodes according to the election mechanism is derived as follows.
It can be seen from the (4) that the interference node density ρ E is not only affected by the density of networks nodes ρ, but also related to the number of neighbor hops h maintained by the nodes under the election mechanism. Fig. 5 shows that under the election mechanism, the interference node density with the networks node density changes. When the networks node density ρ is small, ρ E increases with the ρ increase, but then gradually become a stable VOLUME 6, 2018 FIGURE 5. The relationship between the interference node density and the networks node density under the election mechanism.
This is the role of MAC layer resource scheduling and conflict avoidance mechanisms. The value of h determines the degree of dilution of HCPP. The larger the h, the lower the density of interference nodes in the networks, which represents the stronger role of MAC layer interference management.
As shown in Fig. 4 , if two circles with the same radius hd are separated by n, the joint area is shown as follows
After diluting the density of initial networks nodes by election mechanism, the probability of the node which is m apart from the receiver can be retained by HCPP is derived as follows
Dividing the nodes into two parts by spatial correlation is shown as follows The mean value of the SIR at receiver Fig. 6 shows under the election mechanism, the receiver SIR changes with the node density. The exponent is set to 4. Take h =2,n =230 and ρ > 10 nodes/km 2 as an example. The received SIR has dropped to about 13 dB. After expanding the scope of the neighborhood to three-hop, SIR can be increased to more than 20 dB. More importantly, Fig. 6 shows when the node density ρ > 10nodes/km 2 , the effect of node density on the SIR is negligible. At this time, the important factors that affect the SIR are channel fading exponent and neighbor maintenance hops. The channel condition is uncontrollable, so it is very effective way to optimize the number of hops. Fig. 7 is shows when ρ= 20nodes/km 2 , SIR changes with the channel fading exponent. When α the value is small, though the useful signal loss is small, the signals from other multiplexed links are equally small, while multichannel interference signal at the receiving end of the cumulative increase, results in a very low SIR. Fig. 8 compares simulation results of the relationship between the path loss exponent and the interference intensity. We use Ge to symbolize the mechanism in [29] . The communication distance is set to 100m. As path loss exponent increases, the interference intensity decreasing.
Maintaining neighbors within a excessive large hop range brings about the problems of higher signal cost and poorly consistent. It needs power control to meet the density requirement of neighbor nodes. When the networks topology dynamically changes, increasing the hop number of maintaining neighbors can effectively combat the density of neighbor caused by fluctuations in the problem. Therefore, this paper proposes a corresponding maintenance and scheduling mechanism based on the analysis of the probability of successful transmission under the condition of maintaining different hop numbers of neighbors. In the following, successful transmission probability model with different neighborhood maintenance is first established. The probability density function of the SIR is given by Eq. [32, Th. 5.7]
where q = πn 2 ρ E (1 + 2/α) (1 − 2/α). Maintenance of h-hop neighbors uses the election mechanism to coordinate the same frequency link interference. Under Rayleigh channel conditions, success probability of point-to-point transmission p E is the probability that the received SIR is greater than the threshold θ
As shown in Fig. 9 , when node density ρ > 5nodes/km 2 and α = 4, the success rate of maintaining two-hop neighbors drops to about 90%, and the maintenance of three-hop neighbors can keep the probability of successful reception to more than 95%. We can see that maintaining two-hop neighbors highly demands for node density, which seriously limits the expansion of DWMAN. When the number of neighbor maintenance hops is expanded to three-hop, the density requirement is looser because it can maintain a high success probability. Also, because the HCPP nodes' density is quickly limited, transmission success probability tends to be fixed. Fig. 10 shows successful transmission probability varies with the node density and communication distance, we can see that along with the increase of communication distance and the increase of the number of nodes, successful transmission probability has a downward trend, which is consistent with the actual.
C. MODELING OF INTERFERENCE UNDER THE THREE-WAY HANDSHAKE MECHANISM
This paper will establish a link interference intensity model for the three-way handshake mechanism in different neighbors maintenance ranges. Similar to the election mechanism, (m, β, ϕ) indicates the location of a pair of communicating nodes. The joint non-interference area A H between two nodes is the function only in connection with(m, β, ϕ).
The scheduling of data slots is base on the three-way handshake mechanism of the message exchanging of DSCH. On the sender and receiver, there will be two circular noninterference area whose radius is R. The union area A H of two circles is the non-interference area set by the handshake mechanism.
With the help of the density formula of HCPP, we can find the density of interference nodes in handshake mechanism VOLUME 6, 2018 FIGURE 11. The relationship between the interference nodes density and the networks node density under the three-way handshaking mechanism.
when taking A H into the formula Fig. 11 shows in the three-way handshake, the density of the interference nodes changes when the node density varies. Take n = 150m as an example. It can be seen that, when ρ is more than 5nodes/km 2 , ρ H approaches the stable value 1.3nodes/km 2 . This shows the handshake mechanism's coordinated function of preventing the deterioration caused by severe interference.
Next, we calculate the probability that the two communicating nodes are remained in the network. As shown in Fig. 4 , if the distance between s 1 and s 2 is less than R, the nodes cannot coexist. Similarly, if the receiver of s 2 is located at the non-interference area of s 1 , the probability they can coexist is also 0. In other cases, their coexist probability is derived as follows
FIGURE 12. The relationship between the networks nodes density and the interference intensity.
Combining with the definitions of (2), the related function of two communicating nodes in (15) , as shown at the bottom of this page, where
According to the definition of interference intensity in (3), the average interference intensity of receiver in three-way handshake mechanism can be summarized as Fig. 12 compares simulation results of the relationship between the node density and the interference intensity. The communication distance is set to 100m. As node density increases, the interference intensity growing trend.
As shown in Fig. 13 , the receiver's average signalinterference ratio (SIR) of maintaining three-hop neighbors is higher than maintaining two-hop ones as the size of MAC layer interference avoidance region increases. Especially, when the node density is high, maintaining three-hop neighbors can achieve a 6 dB gain of SIR than maintaining two-hop neighbors. Maintenance of three-hop neighbors not only can effectively reduce the impact of interference, but also can achieve channel multiplexing to improve resource
58516 VOLUME 6, 2018 FIGURE 13. The relationship between the SIR and the networks node density under the three-way handshaking mechanism. efficiency of DWMAN. Fig. 14 shows the receiver-side SIR with the communication distance changing. We can see that the receiver-side SIR decreases when the communication distance increases. The reason is that the useful signal strength decreases as n increases, but the interference signal intensity hardly changes. So the further the distance of sending and receiving nodes is, the lower SIR is and the worse of interference-tolerant performance is. In the following, the model of successful transmission probability in different neighbor maintenance range will be established. Under the three handshake mechanism, the interference node density is ρ H . Similar to the election mechanism, the point-to-point successful transmission probability is
where g = πn 2 ρ H (1 + 2/α) (1 − 2/α). As shown in Fig. 15 , the variation of the density of the interference nodes with the network node density varying under the three-way handshake mechanism is the same as that under the election mechanism. Fig. 16 shows the variation of SIR at the receiver-side with the communication distance changing. It is shown that the SIR at the receiver side decreases with the communication distance increasing.
The cumulative interference is the main factor that restricts the channel reuse in the distributed networks. By studying the simulation results, we can see that with the increase of node density, maintaining only two-hop neighbors will lead to bad performance. Fig. 6, 9 , 13, and 15 show that when the neighborhood size is extended to three-hop, even though the node density is increasing, the receiver SIR and the success probability can stay at a high level. Therefore, the threehop neighborhood is a secure range for resisting cumulative interference. On the basis of this, a specific distributed reuse mechanism is designed.
V. DESIGN AND NUMERICAL ANALYSIS OF THREE HOP MAINTENANCE SCHEDULING MECHANISM
Maintaining two-hop neighbors can hardly achieve effective channel multiplexing, while maintaining three-hop neighbors can resist the cumulative interference and keep the receiver SNR and successful transmission probability at a high level. Therefore designing a three-hop neighbors maintenance mechanism is necessary. 
A. DESIGN OF THREE-HOP MAINTENANCE SCHEDULING MECHANISM
After joining the network, nodes perform original scheduling mechanism in which the reusing distance is two-hop. At this point, each node only needs to carry its own information and its one-hop neighbors in the DSCH, so that all nodes can set up a list of two-hop neighbors and update it constantly. At the same time, the node only starts the Mesh Election with the neighbors in the two-hop, competes to access the control channel, and uses three-way handshake to access the data channel. According to the number of neighbor N br , it's easily for nodes to monitor the current node density by the relationship ρ=N br /π(hd) 2 . Then according to (9) and (17), we can calculate the SIR corresponding to the election mechanism and the three-way handshake mechanism respectively. If the calculation results is lower than the receiving threshold, the node immediately change the corresponding scheduling mechanism.
If the receive SIR of the election mechanism is lower than the threshold, the neighbor list will extend to three-hop range. The nodes need to add the scheduling parameter information of their two-hop neighbors into the DSCH messages so that the whole network node can maintain the list of three-hop neighbors. In performing election algorithms, the competition set will also be extended within three-hop neighborhood to reduce cumulative interference.
If the receive SIR of the handshake mechanism is lower than the threshold, it is required that each node not only broadcasts its own scheduling information through the handshake message, but also needs to forward the scheduling information of the one-hop and two-hop neighbors nodes in the DSCH message. The format of the scheduling information is designed as follows: (tid, rid, f, q, u)
Frame and slot indicate the start time of the Tx-Rx communication, and duration represents the duration of the Tx-Rx communication.
Suppose that one frame contains 20 data slots, as shown in Fig. 17 , the detailed scheduling process is as follows:
1) The communication pair A-B is the central communication pair, occupy the first 10 slots of the first frame scheduling information for (A, B, 1,1,10). 2) Take A as the center, and its two-hop neighbors C can overheard the node B handshaking message. C update slot table to set 1-10 slots in frame 1 to unavailable, and forward scheduling information in its own DSCH message (A, B, 1, 1, 10). 3) D obtains the scheduling information from C and looks for the neighbor list, and confirms that B is its two-hop neighbors. After that, the corresponding location of the slot table is not available, and the scheduling information of A-B is forwarded; 4) E obtains the scheduling information from D and find that both A and B are not in its neighbor list. So it summarizes that the distance to A or B is more than threehop. So E can use the same data slots to communicate with F. By updating and maintaining scheduling information with three-hop neighbors, closer nodes can effectively back-off and others can reuse the slot to improve network throughput.
B. NUMERICAL VERIFICATION ANALYSIS
We know that the maintenance of three-hop neighbors will increase the consumption of control signalling, but the implementation of channel multiplexing can significantly improve the network's anti-interference capability. In this paper, we consider the channel utilization as the key indicator, and give a comprehensive performance analysis of three-hop multiplexing mechanism.
The capacity of control slots R C and data slots R D are calculated by the Shannon capacity and the interference intensity under the electoral mechanism and the three-way handshake mechanism.
The interval t C for the each control slot and t D for the each data slot are as follows
where l C and l D are the amount of data transferred in each control and data slot respectively.
In the frame structure design, each frame contains C control slots and D data slots. In a network without multiplexing, the channel utilization rate is the following
With the multiplexing mechanism of multi-hop external channel and multiplexing coefficient as γ , the channel utilization rate for multiplexing is given by
It can be seen from the formula that the channel utilization is related to the C-D ratio, the control message length, the interference intensity under different scheduling mechanisms, and the multiplexing. In [33] , we study the optimal control slots ratio for different neighbor numbers, which is calculated by setting up C-D ratio, and Fig. 18 shows the channel utilization in multiplexing. The additional overhead to maintain three-hop neighbors will degrade the channel utilization rate. It can be seen from Fig. 18 that the channel utilization of maintaining threehop neighbors is lower than the channel utilization of maintaining two-hop neighbors, and the higher the node density, the greater the cost of maintaining the neighbors. Maintaining two-hop neighbors will strongly interference communication links and channels cannot be reused. Leaving the relevant parameters unchanged, channel multiplexing can be realized under the maintenance of three-hop neighbors with γ = 2. The channel utilization of the three-hop multiplexing mechanism is significantly higher than the two-hop one.
VI. CONCLUSION
In this paper, the cumulative link interference of DWMAN is modelled and analyzed. The results show that the distributed network interference performance model can effectively reflect the MAC layer neighbor maintenance range, node density and other effects on the interference intensity. In addition, this paper designs a three-hop maintenance scheduling mechanism, which solves the problem of parallel link interference and improves the system performance and channel utilization through the update of the three-hop neighborhood scheduling information. This paper focuses on the impact of MAC layer scheduling protocol on link interference. Therefore, the processing of channel model is simple and does not take into account the resource efficiency optimization problem of DWMAN. Future works will consider more complex channel conditions, mobile scenarios and other non-steadystate factors, as well as the optimization of resource efficiency in DWMAN.
